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PACKAGE ASSEMBLY WITH HEAT
DISSIPATING STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of Invention

The mvention relates to a package assembly, and more
particularly to a thin package assembly of an electronic com-
ponent capable of quickly dissipating the heat generated by
the electronic component.

2. Related Art

Heat 1s generated when an electronic component 1s oper-
ating with electrons flowing therethrough. The generation of
heat 1ncreases the resistance and blocks the flows of the
clectrons so that the function of the electronic component 1s
significantly influenced. When the technology of manufac-
turing the electronic component 1s greatly enhanced, a line
width 1 the electronic component 1s getting smaller and
smaller, and the line density 1n the electronic component 1s
getting higher and higher. Thus, the heat generated by the
clectronic component 1s increased rapidly. Taking a central
processing unit (CPU) of a computer as an example, the
Pentium CPU only has to be equipped with the package with
the heat dissipating capability of 16 W at 1ts early stage.
However, the heat generated 1n the CPU 1n the year of 2004
has reached 84 W, and the heat generated in the CPU in the
year of 2006 has reached 98 W. If the heat cannot be removed
rapidly, the temperature of the CPU of the computer 1s rapidly
increased so that the CPU of the computer can no longer
operate. Thus, the heat dissipating ability of the substrate
contacting with the CPU of the computer 1s a key factor for
dominating whether the computer can operate normally or
not.

A typical power component, such as a solid relay, 1s similar
to the CPU of the computer and generates a lot of heat. Thus,
the power component also dissipates the heat rapidly through
the substrate contacting therewith so that 1t can operate nor-
mally.

Taking a light-emitting diode (LED) as another example,
various color LEDs have been gradually developed, wherein
the successtul development of the white-light LED has
attracted considerable attention. This 1s because the white-
light LED can serve as a light source for an 1llumination lamp.
The power consumption of a road lamp with the LED light
source 15 lower than that of a mercury lamp by 75% and 1s
lower than that of a high pressure sodium lamp by 49%. So,
the white-light LED advantageously has the low power con-
sumption and can significantly save the energy. However, the
white-light LED with the output power higher than 3 W has to
be adopted 1n the application of the lamp used 1n the daily life
and the applications such as the head light used in a vehicle.
This white-light LED with the high output power also gener-
ates a lot of heat. However, the major barrier on the applica-
tions of the LED as the light source 1s that the LED cannot
withstand the high temperature. Generally speaking, the tem-
perature of the LED cannot exceed 90° C. If the temperature
of the LED 1s higher than 90° C., the luminance thereof
rapidly deteriorates. So, the rapid heat dissipating ability of
the heat dissipation substrate in contact with the LED has
become a greatest challenge for determining whether the
LED can become the i1llumination light source or not. This
also specifies that the development of the heat dissipating

substrate has played an important role on the applications of
the LED as the light source.

In order to satisty the mimaturized requirement of the
current 3C electronic products, the substrate contacting with
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the CPU ofthe computer, or the power component orthe LED
has to satisty the following fundamental requirements.

First, the material must have a high heat conductivity to
dissipate the heat rapidly.

Second, the material must have the high resistivity 1n order
to prevent the high power electronic component from being
short-circuited.

Third, the substrate preferably has to be as thin as possible
after the above-mentioned conditions are satisfied.

At present, the heat dissipating mechanisms of the elec-
tronic components, which are frequently used, include heat
dissipating fins and a heat pipe accompanied with fans 1n
order to dissipate the heat generated by the high power elec-
tronic components. However, such heat dissipating structure
has a larger thickness, and the applications 1n designing a
miniaturized 3C electronic product are thus hindered.

SUMMARY OF THE INVENTION

It 1s therefore an object of the invention to provide a thin
package assembly of an electronic component capable of
quickly dissipating the heat generated by the electronic com-
ponent.

The 1invention achieves the above-identified object by pro-
viding a package assembly with a heat dissipating structure.
The package assembly includes a thermal conductive lower
metal layer, an electric insulating ceramic layer, a patterned
upper metal layer and an electronic component. The electric
insulating ceramic layer 1s disposed on and bonded to the
thermal conductive lower metal layer. The patterned upper
metal layer 1s disposed on and bonded to the electric msulat-
ing ceramic layer. The patterned upper metal layer 1s a single-
layered metal layer and has an opening from which the elec-
tric insulating ceramic layer 1s exposed. The electronic
component 1s disposed 1n the opening of the patterned upper
metal layer, mounted on the electric insulating ceramic layer
through a thermally conductive adhesive, and electrically
connected to the patterned upper metal layer.

Therefore, the package assembly 1s thin and can quickly
dissipate the heat generated by the electronic component.

Further scope of the applicability of the present invention
will become apparent from the detailed description given
hereinafter. However, 1t should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the mvention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llustra-
tion only, and thus are not limitative of the present invention.

FIG. 1 1s a side view showing a package assembly accord-
ing to a first embodiment of the invention.

FIG. 2 15 a top view showing the package assembly of FIG.
1.

FIG. 3 1s a side view showing a package assembly accord-
ing to a second embodiment of the mvention.

FIG. 4 1s a side view showing a package assembly accord-
ing to a third embodiment of the mvention.

FIG. 5 1s a schematic illustration showing a current tlowing,
direction 1n the package assembly of the invention.
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FIG. 6 1s a schematic 1llustration showing a heat flowing
direction 1n the package assembly of the invention.

FI1G. 7 1s atop view showing a package assembly according
to a fourth embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be apparent from the following
detailed description, which proceeds with reference to the
accompanying drawings, wherein the same references relate
to the same elements.

The invention provides an improved thin package assem-
bly with a heat dissipating structure. FIG. 1 1s a side view
showing a package assembly according to a first embodiment
of the invention. FIG. 2 1s a top view showing the package
assembly of FIG. 1. Referring to FIGS. 1 and 2, the package
assembly of this embodiment includes a thermal conductive
lower metal layer 11, an electric insulating ceramic layer 12,
a patterned upper metal layer 13 and an electronic component
31.

The electric insulating ceramic layer 12 1s disposed on and
bonded to the thermal conductive lower metal layer 11. The
patterned upper metal layer 13 1s disposed on and bonded to
the electric insulating ceramic layer 12. The patterned upper
metal layer 13 1s a single-layered metal layer and has an
opening 14 from which the electric msulating ceramic layer
12 1s exposed. The electronic component 31 1s disposed in the
opening 14 of the patterned upper metal layer 13 and mounted
on the electric msulating ceramic layer 12 through a ther-
mally conductive adhesive or solder 21. The thermally con-
ductive adhesive 21 and the patterned upper metal layer 13 are
disposed on a too surface 12A of the electric insulating
ceramic layer 12. In this embodiment, a sidewall of the open-
ing 14 has a vertical surface 141. The thermal conductive
lower metal layer 11, the electric insulating ceramic layer 12
and the patterned upper metal layer 13 constitute the heat
dissipating structure.

The thermal conductive lower metal layer 11 may be made
of copper and has a thickness ranging from 0.1 to 5 mm, for
example. The electric insulating ceramic layer 12 1s made of
aluminum oxide or aluminum nitride and has a thickness
ranging from 0.1 to 5 mm, for example. The patterned upper
metal layer 13 1s entirely made of the copper and has an
clectric connection point or a plurality of electric connection
points. The patterned upper metal layer 13 has a thickness
also ranging from 0.05 to 5 mm and has thermal conductive
and electroconductive properties.

The electronic component 31 may be a central processing,
unit (CPU), a light-emitting diode (LED) or a power compo-
nent, and 1s electrically connected to the patterned upper
metal layer 13. There are many ways for electrically connect-
ing the patterned upper metal layer 13 to the electronic com-
ponent 31. In this example, the package assembly further
includes a plurality of wires 201 electrically connected to the
clectronic component 31 and the patterned upper metal layer
13. The package assembly may further include a package
material 101 applied to the patterned upper metal layer 13, the
clectronic component 31, the thermally conductive adhesive
21 and the wires 201 to encapsulate and protect the patterned
upper metal layer 13, the electronic component 31, the ther-
mally conductive adhesive 21 and the wires 201. Currents
may tlow through the wires 201 to power the electronic com-
ponent 31.

The thickness of the heat dissipating structure may range
from 0.3 to 15 mm. Many metal materials have the good
thermal conductivity, wherein the silver material has the best
thermal conductivity but the higher price. Among these mate-
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rials, the copper material 1s the best choice under the consid-
eration of the heat dissipating requirement and the cost-down
requirement. As listed in Table 1, the coelficient of thermal
conductivity of copper may reach 400 W/mK, and the thermal
conductive lower metal layer 11 of the package assembly of
the invention 1s made of the copper.

TABLE 1
Coeflicient of thermal
Material conductivity (W/mK) Resistivity (£2-cm)
Copper 400 107°
Aluminum 150 to 230 107>
Aluminum oxide 20 to 38 >1014
Aluminum nitride 170 to 230 >1014
Epoxy resin 0.3 1014
Thermally conductive 1tob <1014

adhesive

Many materials, such as most polymeric organic materials
or most ceramic materials, have the electric insulating prop-
erty, as shown in Table 1. However, the ceramic material 1s the
best choice under the consideration of the heat dissipating, the
moisture 1solating and the long-term reliability. The ceramic
materials with the high thermal conductivity and the high
insulating property include aluminum oxide having the coet-
ficient of thermal conductivity ranging from 20 to 38 W/mK,
and aluminum nitride having the coetlicient of thermal con-
ductivity ranging from 170 to 230 W/mK. The coetlicient of
thermal conductivity of the ceramic material has the wider
range because the coelficient of thermal conductivity 1s
greatly influenced by the purity and the co-firing additive of
the ceramic material. However, the resistivity of each of the
aluminum oxide and the aluminum nitride is higher than 10'*
(2-cm, so the two ceramic materials have the good electric
insulating property. Also, the aluminum oxide and the alumi-
num nitride further have the advantages of the low dielectric
constant and the high dielectric strength, so the electric insu-
lating ceramic layer 12 1s made of aluminum oxide or alumi-
num nitride 1n the package assembly of the mnvention.

As mentioned heremabove, the copper has the excellent
heat conductivity. In addition, the resistivity of the copper 1s
extremely low. So, the heat dissipating structure of the mven-
tion 1s very thin, and the patterned upper metal layer 13 may
also be made of the thermal conductive and electroconductive
maternal, as shown 1n Table 1. The copper matenial 1s still the
best choice for the patterned upper metal layer 13 under the
consideration of the cost. The patterned upper metal layer 13
may be formed by etching and may serve as a portion of the
circuit of the package assembly.

FIG. 3 1s a s1de view showing a package assembly accord-
ing to a second embodiment of the invention. As shown 1n
FIG. 3, a sidewall of the opening 14 has an inclined surface
142 for reflecting light rays emitted from the electronic com-
ponent (e.g., LED) 31. FIG. 4 1s a side view showing a
package assembly according to a third embodiment of the
invention. As shown in FIG. 4, a sidewall of the opening 14
has a curved surface 143 for retlecting light rays emitted from
the electronic component (e.g., LED) 31.

The aluminum oxide, the aluminum nitride or the copper
has the high ngidity, so the package assembly also has the
higher rigidity. In order to mount the CPU, the power com-
ponent or the LED 31 on the electric insulating ceramic layer
12, the thermally conductive adhesive or solder 21 1s disposed
therebetween. The thermally conductive adhesive 1s com-
posed of an organic polymeric material and a metal or
ceramic filler material mixed together. The metal or ceramic
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filler material 1s selected from the group consisting of silver
particles, copper particles, aluminum particles, aluminum
oxide particles, aluminum nitride particles, boron nitride par-
ticles or titammum boride particles. This 1s because the poly-
meric organic material, such as the epoxy resin 1n Table 1,
typically has the coetl]

icient of thermal conductivity substan-
tially equal to 0.3 W/mK. So, the metal or ceramic particles,
such as silver (Ag), copper (Cu), aluminum, silicon (S1),
aluminum oxide (Al,O,), aluminum nitride (AIN), boron
nitride (BN) or titanium boride (T1iB,) particles having the
higher coetl

icient of thermal conductivity, are added to the
polymeric organic material. In order to satisty the require-
ment of the adhesive property and the cost-down requirement,
the added metal or ceramic particles with the higher coetfi-
cient of thermal conductivity have a predetermined upper
bound. In this case, the coellicient of thermal conductivity of
the thermally conductive adhesive can be equal to or greater
than 3 W/mK. The component 31 can also be bonded onto the
layer 12 through soldering using the solder. The solder may
be made of a tin (Sn) alloy or a silver (Ag) alloy.

The heat dissipating structure of the invention has three
layers, and the total electric resistance of the three-layer struc-
ture 1n the vertical direction 1s determined by the materials of
the three layers. FIG. 5 1s a schematic illustration showing a
current flowing direction, indicated by the arrow, 1n the pack-
age assembly of the mvention. As shown in FIG. 5, the total
clectric resistance of the heat dissipating structure 1s equal to
a sum of electric resistances of the first to third layers 11 to 13
under the precondition of the larger plane size because a serial
structure 1s formed. That 1s,

ERI{JI{IEZER1+ER2+ER3 (1)?
wheremn ER, . denotes the total electric resistance,
denotes the electric resistance of the first layer 11,
denotes the electric resistance of the second layer 12, and .
denotes the electric resistance of the third layer 13.

As shown 1n Equation (1), the total electric resistance 1s
mainly determined by the electric resistance of the matenal
having the highest electric resistance, and the electric resis-
tance of each layer 1s determined by the electric resistivity and
the size of the matenial layer, as shown in the following
equation:

et

O T T
PUMPU ~

Y

(electric resistance)=(electric resistivityxthickness)/
(area)

(2),

According to the Equations (1) and (2), the electric resis-
tivity of the aluminum oxide or aluminum nitride 1s much
higher than that of the copper, so the total electric resistance
of the heat dissipating structure 1n the vertical direction 1s
determined by the thickness of the aluminum oxide or alumi-
num nitride. The minimum thickness of the electric insulating,
ceramic layer 12 1s about 0.1 mm, but the total electric resis-
tance of the heat dissipating structure may be equal to or
greater than 10'°Q.

FIG. 6 1s a schematic 1llustration showing a heat flowing
direction, indicated by the arrow, 1n the package assembly of
the invention. As shown 1in FIG. 6, the total thermal resistance
of the heat dissipating structure 1s equal to a sum of thermal
resistances of the first to third layers under the precondition of
the larger plane size because a serial structure 1s formed. That
1S,

TR, ./~ IR{+1TR o+ TR+ TR+ 1R, (3),
wherein TR, , , denotes the total thermal resistance, TR,

denotes the thermal resistance of the first layer 11, TR,
denotes the thermal resistance of the first intertace IT1
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between the first layer 11 and the second layer 12, TR,
denotes the thermal resistance of the second layer 12, TR,
denotes the thermal resistance of the second interface 112
between the second layer 12 and the third layer 13, and TR,
denotes the thermal resistance of the third layer 13.

The thermal resistance of each layer 1s determined by the
thermal resistivity and the size of the matenial layer, as shown
in the following equation:

(thermal resistance)=(thermal resistivityxthickness)/
area

(4).

According to the heat dissipating structure of the invention,
the area of the copper layer 1s large and the thermal resistivity
of the aluminum oxide or aluminum nitride 1s slightly higher
than that of the copper, so the total thermal resistance of the
heat dissipating structure of the mnvention is not high and has
the good heat dissipating ability.

FIG. 7 1s a top view showing a package assembly according,
to a fourth embodiment of the invention. As shown 1n FIG. 7,
the package assembly 1s similar to that in the first embodiment
except that the package assembly further includes a plurality
of additional electronic components 31' respectively disposed
in a plurality of additional openings 14' of the patterned upper
metal layer 13" and mounted on the electric insulating ceramic
layer 12 through additional thermally conductive adhesives
or solder 21'. That 1s, the electronic components and the
openings are arranged 1n an array so that the heat dissipating
structure can support more electronic components.

In one example, an aluminum oxide sheet 12 1s bonded to
and 1nterposed between two copper sheets 11 and 13 to form
the three-layer structure having the good heat dissipating
property. In detail, the two copper sheets 11 and 13 each
having the dimension of 70x20x0.3 mm are pre-oxidized in
two stages for several minutes 1n the air or the passivation
atmosphere at the temperature ranging from 200° C. to 600°
C., and then jointed to the aluminum oxide substrate 12 with
the dimension of 75x26x0.5 mm 1n the passivation atmo-
sphere at the temperature of 1060° C. for ten minutes. Thus,
the first intertace I'T1 between the lower metal layer 11 and
the ceramic layer 12 1s the same as the second interface 112
between the ceramic layer 12 and the upper metal layer 13 but
different from a third interface IT3 between the thermally
conductive adhesive 21 and the ceramic layer 12. The joined
heat dissipating structure has the thickness of 1.1 mm. Then,
a thermal conductivity analyzer (Omicron Multiprobe Com-
pact, Sweden) 1s used to measure the coellicient of thermal
conductivity, which 1s equal to 244 W/mK. Thus, the heat
dissipating structure according to the invention has the excel-
lent heat conducting ability and may be used as the heat
dissipating substrate.

While the invention has been described by way of
examples and 1n terms of preferred embodiments, 1t 1s to be
understood that the invention 1s not limited thereto. To the
contrary, 1t 1s intended to cover various modifications. There-
fore, the scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifica-
tions.

What 1s claimed 1s:

1. A package assembly, comprising:

a thermal conductive lower metal layer made of copper;
an electric insulating ceramic layer disposed on and
bonded to the thermal conductive lower metal layer;

a patterned upper metal layer made of copper and disposed
on and bonded to the electric insulating ceramic layer,
wherein the patterned upper metal layer 1s a single-
layered metal layer and has an opening from which the
clectric msulating ceramic layer 1s exposed; and
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an electronic component, which 1s disposed in the opening,
of the patterned upper metal layer, mounted on the elec-
tric insulating ceramic layer directly through a thermally
conductive adhesive, and electrically connected to the
patterned upper metal layer, wherein:

the thermally conductive adhesive and the patterned upper
metal layer are disposed on a top surface of the electric
insulating ceramic layer;

a first interface between the lower metal layer and the
ceramic layer 1s the same as a second interface between
the ceramic layer and the upper metal layer but different
from a third interface between the thermally conductive
adhesive and the ceramic layer; and

a sidewall of the opening has an inclined surface or a
curved surface for reflecting light rays emitted from the
clectronic component, and the inclined surface or the
curved surface 1s made of the copper of the upper metal
layer bonded to the ceramic layer.

2. The package assembly according to claim 1, wherein the
thermal conductive lower metal layer has a thickness ranging,
from 0.1 to 5 mm.

3. The package assembly according to claim 1, wherein the
clectric msulating ceramic layer 1s made of aluminum oxide
or aluminum nitride.

4. The package assembly according to claim 3, wherein the
clectric insulating ceramic layer has a thickness ranging from
0.1 to 5 mm.

5. The package assembly according to claim 1, wherein the
patterned upper metal layer 1s entirely made of the copper.

6. The package assembly according to claim 5, wherein the
patterned upper metal layer has at least one electric connec-
tion point.
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7. The package assembly according to claim 1, wherein the
patterned upper metal layer has a thickness ranging from 0.05
to 5 mm.

8. The package assembly according to claim 1, further
comprising a plurality of additional electronic components
respectively disposed 1n a plurality of additional openings of
the patterned upper metal layer and mounted on the electric
insulating ceramic layer through additional thermally con-
ductive adhesives.

9. The package assembly according to claim 1, wherein the
clectronic component i1s a central processing unit (CPU), a
light-emitting diode (LED) or a power component.

10. The package assembly according to claim 1, wherein
the thermally conductive adhesive 1s composed of an organic
polymeric material and a metal or ceramic filler material
mixed together.

11. The package assembly according to claim 10, wherein
the metal or ceramic filler matenal 1s selected from the group
consisting of silver particles, copper particles, aluminum par-
ticles, silicon particles, aluminum oxide particles, aluminum
nitride particles, boron nitride particles or titanium boride
particles.

12. The package assembly according to claim 1, further
comprising a plurality of wires electrically connected to the
clectronic component and the patterned upper metal layer.

13. The package assembly according to claim 12, further
comprising a package material applied to the patterned upper
metal layer, the electronic component the thermally conduc-
tive adhesive and the wires to encapsulate the patterned upper
metal layer, the electronic component, the thermally conduc-
tive adhesive and the wires.

% o *H % x
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